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controlled systems for various modes of operation. This par 
ticular invention relates to a con?guration management sys 
tem for the PBTS that utilizes a database to maintain data and 
con?guration parameters and also to generate and distribute 
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settings from the database through the system control ?les, 
which insures that the data and con?guration parameters are 
accessible when and if single point failures occur With respect 
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CONFIGURATION MANAGEMENT AND 
RETRIEVAL SYSTEM FOR PROTON BEAM 

THERAPY SYSTEM 

RELATED APPLICATIONS AND CLAIM OF 
PRIORITY 

This application is a continuation of US. patent applica 
tion Ser. No. 11/460,880, ?led Jul. 28, 2006, now US. Pat. 
No. 7,368,740 entitled “CONFIGURATION MANAGE 
MENT AND RETRIEVAL SYSTEM FOR PROTON BEAM 
THERAPY SYSTEM”, which is continuation of US. patent 
application Ser. No. 10/994,911 ?led Nov. 22, 2004 and titled 
“CONFIGURATION MANAGEMENT AND RETRIEVAL 
SYSTEM FOR PROTON BEAM THERAPY SYSTEM” 
(now US. Pat. No. 7,084,410), which is also a continuation of 
US. patent application Ser. No. 10/744,697 ?led Dec. 22, 
2003 and titled “CONFIGURATION MANAGEMENT 
AND RETRIEVAL SYSTEM FOR PROTON BEAM 
THERAPY SYSTEM,” (now US. Pat. No. 6,822,244) and 
claims the bene?t of US. Provisional Application No. 
60/438,281 ?led Jan. 2, 2003 which are hereby incorporated 
in their entireties herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to particle radiation therapy 

systems and, in particular, concerns an improved data storage 
system that reduces the effects of single point failures for 
radiation beam therapy systems. 

2. Description of the Related Art 
Particle radiation therapy involves coordinating complex 

systems and devices to enable targeting of speci?c cancerous 
regions of a patient. In particular, proton beam therapy uti 
lizes one or more precisely aligned particle streams to irradi 
ate cancer or tumor cells. The energized protons disrupt tar 
geted cells or tissue so as to effectively halt the progression of 
the disease. In proton beam therapy, the patient should be 
accurately positioned with respect to the one or more beams 
so that the stream irradiates only the desired target region. 
Otherwise, the stream may damage other healthy cells within 
the patient’s body. Speci?c alignment in this manner requires 
numerous control systems to maintain accurate and precise 
dosage delivery to a plurality of patients during prescribed 
treatments. 

As described in US. Pat. No. 4, 870,287, a proton treatment 
facility may comprise a proton energy source, an injector, an 
accelerator, a beam transport system, a switchyard, and a 
plurality of treatment stations so as to accommodate multiple 
patients. Each treatment station may comprise a plurality of 
treatment components such as treatment platforms, gantry 
structures, and patient monitoring components. Additionally, 
control and monitoring of the proton treatment facility may be 
directed by computer and hardware sub systems, which coor 
dinate the activities of each treatment station using software 
con?gurable components. 

Moreover, control system activities may include beam 
intensity management, beam position orientation and modi 
?cation, digital imaging performance, safety condition moni 
toring, and various other treatment functions. Together these 
systems form a highly complex collection of hardware and 
software components. The complexity of the proton treat 
ment facility may be further magni?ed by managing multiple 
treatment stations where additional requirements for system 
redundancy and selective control of each treatment station is 
required. 
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2 
The complex architecture of proton therapy systems 

present numerous obstacles for coordinating control of a high 
volume patient throughput. On a typical treatment day, pre 
scribed treatment dosages may be con?gured for many 
patients using a plurality of treatment stations, whereby deliv 
ery of simultaneous treatments may effect concurrent treat 
ment dosages between patients. For example, each treatment 
station may require a different proton beam energy delivery, 
wherein the overall energy is calculated and produced at the 
source, the switchyard diverts the proper amount of proton 
beam energy to each treatment station, and the multiple gan 
tries are positioned to deliver the diverted energy to the target 
regions of the patients on the treatment platforms. 

To elicit the coordination control of multiple treatment 
stations, conventional proton beam therapy control systems 
use either a centralized computer system, such as a database 
server, or separate computer subsystems to localize control. 
The problem with a centralized computer system is that, if 
one or more treatment components fails to function or goes 

of?ine, the system as a whole may shut down. Also, if the 
centralized computer fails, the treatment components may 
stop functioning because they rely on the centralized com 
puter for operational instructions. Unfortunately, with the 
high volume of treatments to be delivered, a system shut down 
would be inconvenient, costly, and reduce treatment ef? 
ciency. 
Some treatments may be delayed or postponed for another 

day, which inconveniences everyone including the patient 
and the system operators. In other circumstances, a delayed or 
postponed treatment may degrade the therapy provided, 
wherein the treatment time may need to be reduced or the 
dosage modi?ed to accommodate a larger number of treat 
ments in a reduced period of time. Additionally, delayed 
treatments may also incur additional treatment costs due to 
extended periods of operation, where system operators are 
paid overtime wages and the treatment delivery systems 
remain operable for longer periods of time. Therefore, a cen 
tralized computer alone is not the answer due to unavoidable 
failures that may occur during treatment delivery, which may 
endanger some patients. 

Since patient safety is a great concern, some conventional 
proton beam therapy control systems use separate computer 
subsystems to localize control to particular treatment compo 
nents. The problem with localized control is that each com 
ponent requires a system operator to manually enter pre 
scribed treatment and operational parameters for each patient 
at each treatment station. Unfortunately, the length of each 
treatment would be extended due to the additional time 
needed to enter prescribed parameters for each patient treat 
ment and system operation. Also, the high volume of treat 
ments to be delivered would need to be reduced to accommo 
date the additional time or additional system operators would 
need to be hired to extend the treatment day, which results in 
additional operational costs. 

Hence, there is a need for an improved proton beam therapy 
control system that manages multiple treatment delivery 
components and coordinates delivery of simultaneous treat 
ments without compromising patient safety. There is also a 
need for an improved proton beam therapy control system 
that reduces the adverse effects of centralized computer fail 
ures if one or more treatment components fails to function. 
Additionally, this system architecture should be able to 
accommodate the complexity associated with proton beam 
therapy control systems while maintaining an acceptable 
level of user interactive simplicity so as to facilitate con?gu 
ration, maintenance, and development in an ef?cient manner. 
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SUMMARY OF THE INVENTION 

The aforementioned needs are satis?ed by a radiation beam 
therapy system having a plurality of treatment devices includ 
ing a radiation beam source and a beam transport device. In 
one embodiment, the radiation beam therapy system com 
prises a database component that stores subsets of parameters 
associated with selected treatment devices, wherein the 
parameters comprise instructional information that can be 
used to con?gure the selected treatment devices for operation. 
In addition, the radiation beam therapy system comprises an 
interface component that allows a user to modify the subsets 
of parameters associated with selected treatment devices 
stored in the database. Moreover, the radiation beam therapy 
system comprises a management component that extracts 
subsets of parameters from the database and generates data 
storage elements comprising the extracted subsets of param 
eters in a format recognizable by the selected treatment 
devices, wherein the data storage elements permit con?gura 
tion of the selected treatment devices based, at least in part, on 
the instructional information comprised therein, the manage 
ment component further distributes the data storage elements 
to the selected treatment devices to thereby permit the 
selected treatment devices to operate independently of the 
database component. 

In one aspect, operation of the selected treatment devices 
includes a treatment mode of operation. The plurality of treat 
ment devices includes at least one of a charged particle 
source, an accelerator, and a beam transport system. The 
source or accelerator includes a proton synchrotron and the 
beam transport system includes a plurality of steering and 
focussing magnets with beam sensors distributed along an 
evacuated beam transport tube. The beam transport system 
connects to a series of switchyards that include an array of 
dipole bending magnets which de?ect the beam to any one of 
a plurality of beam focussing and de?ection optics leading to 
respective treatment locations having rotatable gantries. Also, 
a beam delivery system may be located within each rotatable 
gantry, which may be adapted to deliver therapeutic radiation 
doses to a patient lying on a treatment platform according to 
a speci?c patient treatment plan. 

In another aspect, the subsets of parameters include treat 
ment data, con?guration parameters, operational parameters, 
and control settings for the selected treatment devices. The 
selected treatment devices are software controlled instru 
ments that require at least one of the subsets of parameters for 
operation and treatment. The database component comprises 
a centralized database server, which stores con?guration and 
operational information, such as data, parameters, and con 
trol settings, for the selected treatment devices in a manner so 
as to provide easy access to the stored con?guration and 
operational information, wherein parameter retrieval and 
modi?cation are easily performed by the centralized database 
server via requests from the interface component. The cen 
tralized database server provides con?guration management 
activities, which may include record keeping and version/ 
revision control. The management component reduces the 
occurrence of single point failures by generating appropriate 
data storage elements and distributing the data storage ele 
ments to the selected treatment devices. The distribution of 
data storage elements by the management component affords 
the selected treatment devices operational independence 
from the database component due to the associated reliance 
on the data storage elements for parameter retrieval and 
operational con?guration. 

In still another aspect, the radiation beam therapy system 
comprises at least one communication link between the man 
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4 
agement component and the selected treatment devices so as 
to distribute the generated data storage elements to the 
selected treatment devices. The subsets of parameters are 
stored in the database component in at least one of database 
table structures, records, and values. The data storage ele 
ments are arranged in a consolidated information set that is 
recognizable by the selected treatment devices. The consoli 
dated information set exploits the native functionality of the 
selected treatment devices in a manner such that an additional 

numerical or supplemental program or application may be 
unnecessary for the selected treatment devices to recognize 
the con?guration parameter values from the data storage ele 
ments. The data storage elements comprise a data type that is 
stored and accessed in a ?le-oriented manner as is suitable for 
each selected treatment devices. The data storage elements 
comprise a data type that is stored and accessed in an address 
oriented manner as is suitable for each selected treatment 
devices. The data storage elements comprise one or more 
volatile or non-volatile system control ?les. The data storage 
elements comprise one or more system control ?les including 
?at ?les. The one or more system control ?les include one or 
more ?at ?les. 

In still another aspect, the management component sends 
con?gurable parameters to each treatment device, and 
wherein a selected treatment device retrieves usable param 
eters from the con?gurable parameters. Additionally, the 
management component selectively sends con?gurable 
parameters to each treatment device representing usable 
parameters by each treatment device. 

The aforementioned needs are also satis?ed by a radiation 
beam therapy system comprising a plurality of distributed 
functional components whose operation is coordinated to 
elicit a selected operational mode. In one embodiment, the 
system comprises a database component that stores a plural 
ity of parameters associated with the distributed functional 
components. In addition, the system comprises an interface 
component that allows a user to select an operational mode 
for which the database component identi?es appropriate sub 
sets of parameters that are associated with the distributed 
functional components and generates at least one system 
control ?le containing an appropriate subset of parameters 
used to con?gure a selected distributed functional component 
to operate in such a manner to elicit the selected operational 
mode. Moreover, the system comprises a control ?le distri 
bution component that provides each of the distributed func 
tional components with the appropriate system control ?le 
such that the functional components are able to operate sub 
stantially independently of the database component while 
eliciting the selected operational mode. 
The aforementioned needs are also satis?ed by a radiation 

beam therapy system comprising, in one embodiment, a plu 
rality of treatment devices including a radiation beam source 
and a beam transport device and a database that stores subsets 
of speci?c parameters associated with selected treatment 
devices, wherein the speci?c parameters comprise a logical 
collection of instructional information that can be used to 
con?gure the selected treatment devices for operation. In 
addition, the system comprises an interface that allows a user 
to modify the subsets of speci?c parameters associated with 
selected treatment devices stored in the database. Moreover, 
the system comprises a management component that extracts 
selected sub sets of speci?c parameters from the database and 
generates system control ?les comprising the extracted sub 
sets of speci?c parameters in a format recognizable by the 
selected treatment devices, wherein the system control ?les 
permit con?guration of the selected treatment devices based, 
at least in part, on the instructional information comprised 
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therein, the management component further distributes the 
system control ?les to the selected treatment devices to 
thereby permit the selected treatment devices to operate inde 
pendently of the database. Furthermore, the subsets of spe 
ci?c parameters comprise, for example, subsets of instrument 
speci?c parameters. 
The aforementioned needs are also satis?ed by a radiation 

beam therapy system having a plurality of functional compo 
nents including a radiation beam source and a beam transport 
device. In one embodiment, the system comprises a database 
that stores subsets of con?gurable parameters associated With 
the operation of the functional components, the database fur 
ther comprising an interface component that allows a user to 
modify the stored subsets of con?gurable parameters. In addi 
tion, the system comprises a management component that 
retrieves subsets of con?gurable parameters associated With 
selected functional components from the database, the man 
agement component further generating control ?les from the 
stored con?gurable parameters, and subsequently distribut 
ing the generated control ?les to the identi?ed functional 
components such that the identi?ed functional components 
can operate independently. 

The aforementioned needs are also satis?ed by a radiation 
beam therapy system comprising, in one embodiment, at least 
one functional component that can be con?gured for treat 
ment delivery via a subset of con?gurable parameters and a 
database component that stores the subset of con?gurable 
parameters as a logical collection of information, the database 
component having a user interface that allows a user to 
modify the logical collection of information. In addition, the 
system comprises a management component that communi 
cates With the database component and the at least one func 
tional component, Wherein the management component iden 
ti?es the subset of con?gurable parameters associated With 
the at least one functional component, generates a ?rst ?le 
from the identi?ed subset of con?gurable parameters, and 
distributes the ?rst ?le to the at least one functional compo 
nent so that, upon reception of the ?rst ?le, the at least one 
functional component can extract the subset of con?gurable 
parameters from the ?rst ?le and con?gure itself for treatment 
delivery. 

The aforementioned needs are also satis?ed by a method 
for managing a plurality of distributed instruments used in 
treatment delivery for a radiation beam therapy system. In one 
embodiment, the method comprises storing operational 
instructions for each instrument Within a centralized con?gu 
ration management system having a database component in 
Which the operational instructions are maintained and select 
ing an operational mode for the radiation beam therapy sys 
tem and identifying a subset of operational instructions stored 
in the database component for each of the distributed instru 
ments to be used in con?guring the radiation beam therapy 
system to function in the selected operational mode. In addi 
tion, the method comprises generating a data storage element 
for each of the distributed instruments containing the required 
operational instructions necessary to con?gure each distrib 
uted instrument to function in such a manner so as to result in 
the radiation beam therapy system functioning in the selected 
operational mode. Moreover, the method comprises transfer 
ring the data storage element to the distributed instruments 
thereby providing the necessary operational instructions for a 
selected distributed instrument to operate Without requiring 
further access to the centralized con?guration management 
system to elicit functioning of the radiation beam therapy 
system in the desired operational mode. 

In one aspect, generating a data storage element includes 
generating a plurality of data storage elements. Also, gener 
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6 
ating a data storage element includes generating at least one 
?ash memory element. Additionally, generating a data stor 
age element includes generating at least one system control 
?le. Moreover, transferring the data storage element to the 
distributed instruments includes transmitting the data storage 
element to the distributed instruments. 
The aforementioned needs are also satis?ed by a method of 

con?guring a radiation beam therapy system having a plural 
ity of functional components for directing a beam to at least 
one of a plurality of treatment locations. In one embodiment, 
the method comprises maintaining a plurality of con?gurable 
parameters in a database, the con?gurable parameters used to 
coordinate the function of the plurality of functional compo 
nents thereby eliciting operational control of the radiation 
beam therapy system and selecting an operational mode in 
Which the beam is to be directed to a particular treatment 
location With a desired set of operational parameters. In addi 
tion, the method comprises identifying subsets of parameters 
from the plurality of con?gurable parameters maintained in 
the database that are used to con?gure and control the func 
tional components in such a manner so as to direct the beam 
to the selected treatment location With the desired set of 
operational parameters. Moreover, the method comprises 
generating at least one system control ?le Which re?ects the 
subsets of parameters used to con?gure and control the func 
tional components and distributing the at least one system 
control ?le to at least one of the plurality of functional com 
ponents thereby directing the operation of the functional 
components. 

These and other objects and advantages of the present 
invention Will become more apparent from the folloWing 
description taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of a clinically-based 
radiation beam therapy system, such as, for example, a proton 
beam therapy system (PBTS), that may used in a particle 
radiation treatment facility. 

FIG. 2 illustrates one embodiment of a PBTS con?guration 
management system that may be used for accessing and 
maintaining PBTS con?guration data and parameters. 

FIG. 3A illustrates a simpli?ed block diagram of the PBTS 
treatment delivery system, the PBTS user interface system, 
and the PBTS con?guration management system having a 
management component, a database component, and a con 
trol ?le component. 

FIG. 3B further illustrates the PBTS con?guration man 
agement system With functional features associated With the 
database component. 

FIG. 3C further illustrates the management component, 
Which may be used by the PBTS con?guration management 
system to identify, retrieve, and update con?guration param 
eters from the database component and to generate system 
control ?les using the control ?le component. 

FIG. 4A illustrates one embodiment of a logical organiza 
tion of the con?guration parameters in the database compo 
nent. 

FIG. 4B illustrates one embodiment of con?guration 
parameter associations, Wherein modi?cations to one param 
eter may effect other parameters. 

FIG. 4C illustrates one example of using mapping tables to 
generate system control ?les associated With speci?c treat 
ment delivery devices in the PBTS. 
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FIG. 5 illustrates one embodiment of a system con?gura 
tion process that may be used by the PBTS con?guration 
management system to modify parameters for the PBTS 
treatment delivery system. 

FIG. 6 illustrates one embodiment of a parameter update 
process that may be used by the management component of 
the PBTS con?guration management system to update sys 
tem con?guration parameters used by the PBTS treatment 
delivery system. 

FIG. 7 illustrates the advantages of using the PBTS con 
?guration management system of the present invention to 
manage, update, and distribute con?guration parameters for 
the PBTS treatment delivery system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In complex, multi-processor software controlled systems, 
it may be important to provide treatment con?gurable param 
eters that are easily modi?ed by an authorized user to prepare 
the software controlled system for various modes of opera 
tion. In one embodiment, a con?guration management sys 
tem of the present invention provides a centralized database 
server, which stores con?guration and operational informa 
tion, such as data, parameters, and control settings, for the 
software controlled systems. Advantageously, the database 
approach provides easy access to the stored con?guration and 
operational information, wherein parameter retrieval and 
modi?cation are easily performed by the con?guration man 
agement system via requests from a user interface system. 
Additionally, the con?guration management system provides 
con?guration management activities, which may include 
record keeping and version/revision control as will be 
described in greater detail herein below. 

In conventional treatment delivery systems, the treatment 
delivery components access operational and con?guration 
parameters directly from the database component using a 
single point acquisition approach. Single point acquisition 
requires a direct dependence on the database component for 
operation and parameter retrieval via a direct communication 
link between the treatment delivery devices and the database 
component. As a result of operational dependence, if a net 
work problem occurs and the database component is o?Iine or 
unavailable, then the conventional treatment delivery systems 
are forced to shut down and patient treatments may be termi 
nated until the database component is functionally online or 
available. Single point failures are disadvantageous to patient 
health, treatment stability, and operational e?iciency. 

Conversely, the present invention reduces the occurrence 
of single point failures by generating a static document, such 
as a ?at text ?le, read-only ?le, or ?ash memory element, 
comprising operational and con?guration parameters and dis 
tributing the static document to the treatment delivery com 
ponents. The distribution of static documents affords the 
treatment delivery components operational independence 
from the database component due to the associated reliance 
on the static documents for parameter retrieval and opera 
tional con?guration. Although a communication link may be 
used to distribute the generated static document or system 
control ?le to the treatment delivery components, operational 
reliance is advantageously shifted to the static document. The 
scope and functionality of the static documents or system 
control ?les will be described in greater detail herein below. 

Moreover, for ease of updating and retrieval, con?guration 
parameters, for example, may be stored in the database table 
structures as records or values. When generating the static 
document or system control ?le, the retrieved con?guration 
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8 
parameter values may be arranged in a consolidated informa 
tion set that is recognizable by the treatment delivery compo 
nents. Advantageously, the consolidated information set 
exploits the native functionality of the treatment delivery 
devices in a manner such that an additional numerical or 

supplemental program or application may be unnecessary for 
the treatment delivery devices to parse the con?guration 
parameter values from the static document. Moreover, the 
static documents or system control ?les provide fast, local 
ized parameter retrieval capability and independent opera 
tional capabilities for the software controlled systems as will 
be further described in greater detail herein below. 

Reference will now be made to the drawings wherein like 
numerals refer to like parts throughout. FIG. 1 illustrates one 
embodiment of a clinically-based radiation beam therapy 
system, such as, for example, a proton beam therapy system 
(PBTS) 10, that may used in a particle radiation treatment 
facility. In one embodiment, the proton beam therapy system 
10 may comprise a plurality of treatment delivery compo 
nents including a charged particle source 11, an accelerator 
12, and a beam transport system 14. Additionally, the source/ 
accelerator 11, 12 may comprise, for example, a proton syn 
chrotron and the beam transport system 14 may comprise, for 
example, a plurality of steering and focussing magnets with 
beam sensors distributed along an evacuated beam transport 
tube. 

In one aspect, the beam transport system 14 connects to a 
series of switchyards 16 that may comprise an array of dipole 
bending magnets which de?ect the beam to any one of a 
plurality of beam focussing and de?ection optics 26 leading 
to respective treatment locations having rotatable gantries 18. 
Moreover, a beam delivery system 20 may be located within 
each rotatable gantry 18, which may be adapted to deliver 
therapeutic radiation doses to a patient 24 lying on a treatment 
platform 22, according to a speci?c patient treatment plan. An 
exemplary proton beam treatment system is more fully dis 
closed in US. Pat. No. 4,870,287, which is hereby incorpo 
rated by reference in its entirety. 

In operation, charged particle beams of a prede?ned energy 
may be generated by the proton synchrotron 12 and trans 
ported by the beam transport system 14 to the switchyards 16. 
The switchyards 16 may be con?gured to select a one or more 
gantries 18 for transport of radiation thereto. Each rotatable 
gantry 18 is capable of orienting the beam delivery system 20 
relative to the target location of the patient 24. Beam orien 
tation allows directed deposition of radiation to a prede?ned 
location along the rotation axis or a so-called isocenter. Addi 
tionally, to facilitate accurate and precise dosage delivery to 
one or more of the patients 24, the beam delivery system 20 
may be positioned, con?gured, and calibrated for radiation 
delivery according to prescribed speci?cations of the patient 
treatment plan. 
One of the central components of the proton beam therapy 

system 110 is the radiation delivery system 20, designed to 
deliver precise dose distributions to a target volume within a 
patient. In general, such delivery systems are comprised of 
components which may either modify or monitor speci?c 
properties of a radiation beam relevant to the treatment plan. 
The beam delivery system 20 may, for example, comprise a 
device to spread or otherwise modify the beam position and 
pro?le, a dispersive element to modify the beam energy and a 
plurality of beam sensors to monitor such properties. Addi 
tional disclosure relating to the radiation delivery system 20 is 
provided in US. Pat. No. 4,870,287. 

FIG. 2 illustrates one embodiment of a central con?gura 
tion of a particle radiation treatment facility 50 that may be 
used to provide proton beam therapy treatments to patients in 
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a manner as previously described with reference to FIG. 1. 
The particle radiation treatment facility 50 may comprise the 
proton beam therapy system (PBTS) 10 of FIG. 1, a user 
interface system 52, and a con?guration management system 
54 that may be used to generate one or more static documents 
or system control ?les 56 for the PBTS treatment delivery 
components 11,12,14,16,18,20 ofthe PBTS 10. In addition, 
the one or more generated system control ?les 56 may be 
distributed to the PBTS 10 by the con?guration management 
system 54 in a manner so as to provide con?guration data and 
parameters in a recognizable format to the PBTS treatment 
delivery components 11, 12, 14, 16, 18, 20. 

In one embodiment, the user interface system 52 may com 
prise a generally known computer workstation, such as a 
personal computer, that may be used to retrieve and modify 
the con?guration parameters for the PBTS 10. One or more 
users, such as system operators, ?eld service engineers, medi 
cal physics personnel, facility administrators, etc., may 
update PBTS con?guration data, parameters, and/or control 
settings in the con?guration management system 54 via the 
user interface system 52. The user interface system 52 pro 
vides access to data, parameters, and control settings that may 
be used to con?gure the previously mentioned PBTS treat 
ment delivery components in the PBTS 10. The PBTS 10 may 
be given access to the con?guration data through the system 
control ?les 56 that may be generated and provided by the 
con?guration management system 54. 

It should be appreciated that there may be more than one 
user interface system 52 to the con?guration management 
system 54 without departing from the scope of the present 
teachings. However, for safety reasons, a preferred embodi 
ment may comprise one designated user interface system 52 
to the con?guration management system 54 to update con 
?guration data, parameters, and control settings for the PBTS 
treatment delivery components 11, 12, 14, 16, 18, 20 in the 
PBTS 10. It should be appreciated that there are con?gurable 
parameters and control settings that may apply to software 
related components as well as the hardware related compo 
nents. Some software and hardware components that may be 
con?gured through the con?guration management system 54 
may include, but are not limited to, power supplies, tesla 
meters, sensors, detectors, timing control systems, user inter 
faces, network con?gurations, and safety systems. 

In one embodiment, the con?guration management system 
54 may comprise a generally known centralized computer 
system, such as a database server, that may be used to store the 
PBTS con?guration data and parameters in database compo 
nents, such as ?les, in a manner so as to be easily retrievable 
by the user interface system 52 when prompted by a user. 
Advantageously, the manipulation of the con?guration data 
and parameters through the con?guration management sys 
tem 54 allows for maintaining con?guration data and param 
eter integrity as well as providing an interactive interface to 
the user. In a manner as will be described in greater detail 
herein below, the con?guration management system 54 may 
comprise processing and management components that may 
be used to verify updated parameter settings to an acceptable 
operational range. For example, if the operational range of a 
power supply is between 0 and 500 amps, then the manage 
ment component veri?es that supply output is not set less than 
0 amps and greater than 500 amps. 

In one embodiment, the con?guration management system 
54 uses a PBTS software application that allows authorized 
users to easily access and modify the PBTS con?gurable 
parameters while maintaining data integrity. The PBTS soft 
ware application may be used in conjunction with common 
desktop environments on various platforms, such as those 
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used with SolarisTM and X WindowsTM on UNIX based plat 
forms. In one aspect, a con?gurable parameter may comprise 
a piece of data or information needed by the PBTS 10 to 
con?gure, for example, control settings, wherein the value of 
the con?gurable parameter may vary depending on the treat 
ment dosage and/ or environment. Some of the devices in the 
PBTS 10 need con?guration data for proper initialization. For 
example, magnets are con?gured with default output speci?c 
to their target energy. Moreover, other functional components 
of the PBTS 10, such as ion source, power supplies, timing, 
etc., may require con?gurable initialization data, scale fac 
tors, conversion factors, mapping, etc. 
As will be described in greater detail herein below, the data 

is accessible to the user through a graphical user interface 
(GUI) via the user interface system 52, and the data is stored 
and maintained in a database component of the con?guration 
management system 54. When an authorized user requests a 
con?guration update, a connection to the database compo 
nent is established and any modi?cations to the data are 
applied to the database component. In addition, authorized 
user accounts may be created via the user interface system 52, 
wherein authorized users comprises varying degrees of per 
mission or access levels, which may be determined by admin 
istrators. For example, different types of users may be granted 
access to data related only to a speci?c job function. Accel 
erator staff may be allowed to modify accelerator related 
parameters, such as magnet settings. Medical physicians may 
be allowed to modify treatment room related parameters, 
such as detectors and scattering foils. Various other users, 
such as ?eld service personnel and system administrators 
may have access to data needed to maintain the system. 

Moreover, the database component of the PBTS con?gu 
ration management component 54 may be initialized with 
two sets of data: treatment data and non-treatment data. The 
treatment set may comprise con?guration data that has been 
approved for treatment operations. In most cases, there is one 
treatment set or one set of approved treatment data that is 
available. The non-treatment set may comprise con?guration 
data that may be used for other functional operations, such as 
research, maintenance, and/or tuning. For the most part, 
authorized users are able to retrieve and view most con?g 
urable parameters. If a user has write access to a parameter, 
then the user is able to modify its value within an acceptable 
range, which will be described in greater detail herein below. 
However, proposed modi?cations related to treatment data is 
subject to approval by a designated administrator, wherein the 
designated administrator is responsible for patient treatment 
and approving proposed modi?cations to the treatment data. 

In one embodiment, the PBTS 10 of FIG. 1 may further 
comprise one or more PBTS workstations 62 that may house 
the hardware and software used to operate and control the 
PBTS treatment delivery components 11, 12, 14, 16, 18,20 of 
the PBTS 10. The PBTS workstations 62 function indepen 
dently from the con?guration management system 54 so as to 
provide localized control to the PBTS 10. As previously men 
tioned, the user interface system 52 is used to interact with the 
con?guration management system 54. Conversely, the PBTS 
workstations 62 are used to interact with the PBTS treatment 
delivery components 11, 12, 14, 16, 18, 20. In one embodi 
ment, there is no direct link between the con?guration man 
agement system 54 and the PBTS 10. Instead, the PBTS 
workstations 62 and/or the PBTS 10 access the PBTS con 
?guration data, parameters, and control settings from the 
con?guration management system 54 via the system control 
?les 56. 

In one aspect, it should be appreciated by those skilled in 
the art that the con?guration management system 54 provides 
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one or more system control ?les 56 to the treatment delivery 
components 11, 12, 14, 16, 18, 20 of the treatment delivery 
system 10. Additionally, it should also be appreciated that the 
treatment delivery components 11, 12, 14, 16, 18, 20 may 
retrieve one or more operational parameters from the system 
control ?les 56. In another aspect, it should be appreciated by 
those skilled in the art that the management component is 
adapted to send con?gurable parameters to each treatment 
device, wherein a selected treatment device retrieves usable 
parameters from the con?gurable parameters. Moreover, the 
management component is further adapted to selectively send 
con?gurable parameters to each treatment device represent 
ing usable parameters by each treatment device. 

Advantageously, this particular embodiment provides a 
separation of control between the con?guration management 
system 54 and the PBTS workstations 62. Con?guration data, 
parameters, and control settings are more easily updated 
using the con?guration management system 54, which offers 
more reliable database management and controlled parameter 
revision. The generation of system control ?les 56 allows the 
PBTS workstations 62 to access the PBTS con?guration data, 
parameters, and control settings when and if the con?guration 
management system 54 is o?line or unavailable. Therefore, 
the PBTS 10 is able to operate independently of the con?gu 
ration management system 54. 

During treatment delivery, the operation of the PBTS treat 
ment delivery components 11, 12, 14, 16, 18, 20 are desirably 
coordinated to direct a precisely calibrated and aligned proton 
beam 58 towards a speci?c target region or isocenter 60 of the 
patient 24. As previously described, the patient 24 is sup 
ported by the treatment platform 22 and the gantry 18 is 
rotatable about an axis of rotation and is used to properly align 
the proton beam 58 with respect to the patient 24 and the 
isocenter 60. The PBTS control system 62 monitors and coor 
dinates the operational activities of the hardware and software 
subsystems used to con?gure and direct the protonbeam 58 as 
well as insure patient safety. Patient safety is a primary con 
cern in radiation treatment and strict control over the PBTS 1 0 
must be maintained at all times to insure that the proton beam 
58 is accurately and precisely directed with an appropriate 
intensity or energy level. It should be appreciated that a more 
in depth discussion relating to the PBTS control system 62 is 
more fully disclosed in Us. Pat. No. 5,260,581, which is 
hereby incorporated by reference in its entirety. 

In addition, the PBTS 10 including the PBTS workstations 
62 may utilize the system control ?les 56 to access con?gu 
ration data, parameters, and control settings from the con?gu 
ration management system 54. In one embodiment, the sys 
tem control ?les 56 may comprise a series of strings or 
characters in one or more recognizable ?les or formats that 
may be parsed by the PBTS 10, PBTS workstations 62, or the 
functional components 11, 12, 14, 18, 20 ofthe PBTS 10 to 
retrieve con?guration data, parameters, etc. stored in a con 
trol ?le format, such as, for example, a ?at ?le, binary ?le, 
?ash memory ?le, etc. One advantage to using ?at ?les is that 
?at ?les are human readable, but various other ?le structures, 
such as binary ?les, may be used by those skilled in the art 
without departing from the scope or functionality of the 
present teachings. Moreover, in one aspect, the system con 
trol ?les 56 may be delineated using a reference identi?er, 
such as a comma, hyphen, semi-colon, etc. Alternatively, 
strings may be delineated using codes that signify tabs or new 
lines. Additionally, a sequentially oriented group of charac 
ters that are not likely to be found in the record itself may 
serve as the reference identi?er for string parsing. 

In various embodiments, system control ?les 56 may be ?le 
and/or address oriented and stored in a variety of different 
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formats. For example, a ?le-oriented schema may comprise a 
“textual document” (e.g. based on the ASCII character set) 
which is stored and accessed as a discrete ?le using a non 
volatile data storage device (e.g. a hard disk drive, optical 
drive, tape drive, ?ash memory device, etc.). Likewise, an 
address-oriented schema may comprise system control ?le 
information stored in a manner that may be accessible at 
selected locations within a volatile or non-volatile memory or 
storage device (e.g. bits/bytes of information stored at a par 
ticular memory address). It will furtherbe appreciated that the 
information contained in the system control ?le may be rep 
resented in numerous different manners, such as for example, 
using binary, octal, hexadecimal, html or other data types/ 
representations. These data types may be stored and accessed 
in ?le-oriented, address-oriented, or other organizational 
manners as is suitable for each instrument or device which is 
desirably con?gured to use the system control ?le informa 
tion. 

In certain embodiments, the system control ?les 56 may 
comprise, for example, data ?les or formats stored in various 
types of data storage elements, such as ?ash memory, read 
only memory, etc. As is generally known, programmable 
read-only memory (PROM) is read-only memory (ROM) that 
can be modi?ed once by a user. Since PROM processes are 

relatively in?exible, many PROM chips designed to be modi 
?ed by users may be implemented with erasable program 
mable read-only memory (EPROM) or electrically erasable 
programmable read-only memory (EEPROM), which can be 
programmed, erased and reprogrammed multiple times. In 
addition, ?ash memory represents a type of nonvolatile 
memory that can be erased and reprogrammed in units of 
memory blocks. Other types of devices that may be used in 
accordance with the present teachings may include magnetic 
and optical data storage formats, such as compact disks, 
?oppy disks, tape drives, etc. Therefore, in general, it should 
be appreciated that system control ?les may comprise various 
types of data storage or memory elements having various 
compositions without departing from the scope of the present 
invention. Moreover, the access con?guration data, param 
eters, and control settings from the con?guration manage 
ment system 54 may be stored on the various types of data 
storage or memory elements so as to provide system control 
?les 56 to the operational and treatment devices 11, 12, 14, 
18,20 ofthe PBTS 10. 
Once the con?guration data, parameters, etc. are identi?ed 

and retrieved from the system control ?le 56, the PBTS con 
trol system 62 or the functional components 11, 12, 14, 18, 20 
of the PBTS 1 0 may use the retrieved data, parameters, etc. to 
con?gure its functional and operational components for 
delivery of treatment. It should be appreciated that the PBTS 
10 may receive and interpret the PBTS system control ?les 56 
as read-only formatted ?les that may comprise spreadsheets, 
tables, etc. 

Additionally, the retrieved information may also comprise 
a set of instructions that may be used by the PBTS 10 to 
con?gure its operational components. Advantageously, con 
?guration may occur without depending on the processing 
and management components of the con?guration manage 
ment system 54 during delivery of treatment. Therefore, the 
operational components of the PBTS 10 may function in an 
independent manner, which reduces the adverse effects of 
single point failures in the con?guration management system 
54. The management of data, parameters, and control settings 
by the con?guration management system 54 allows for pre 
serving data integrity as well as insuring no duplication of 
data. For example, data integrity may be preserved with auto 
matic backup, wherein the con?guration management system 
















